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Fig. 2. C a r t o o n con t ras t ing (top) state of r ap id magne t i c reversals , slow sp read ing , low 
sea level, cold h i g h - g r a d i e n t c l imate a n d oxic oceans ( icehouse state of Fischer [1981]) a n d 
(bottom) s tate of magne t i c quiet , fast s p r e a d i n g , h igh sea level, w a r m low-gradient cl imate 
a n d dysaerobic oceans ( g r e e n h o u s e state). D e g r e e of oxygen dep le t ion p r o p o r t i o n a l to stip­
pl ing; oxygen m i n i m u m zones would intersect only seamoun t s , p la teaus , a n d basin m a r g i n s 
in the d e e p e r Pacific. 
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W a t e r is o n e of t he m o r e i m p o r t a n t volatile 
species in m a g m a s , bo th in t e r m s of its a b u n ­
d a n c e a n d its inf luence o n the p r o p e r t i e s of a 
given m a g m a . Many worke r s in t he geological 
sciences have m e a s u r e d , m o d e l e d , a n d specu­
lated on the in te rac t ion of wate r with silicate 
melts as a funct ion of p r e s su re . At t he same 
t ime, glass a n d mater ia ls scientists have col­
lected a cons iderab le body of da t a o n the ef­
fect of wate r on t he p r o p e r t i e s of l iquid a n d 
glassy silicates at 1 a t m o s p h e r e (1 .01325 x 1 0 5 
N m" 2) a n d below. A special session on "Sol­
ubility a n d T r a n s p o r t P rope r t i e s of W a t e r in 
Silicate Melts" was he ld d u r i n g the 1983 
A G U S p r i n g Meet ing , May 3 0 - J u n e 3 , in 
Ba l t imore . T h e session had t h r e e ma in objec­
tives: (1) review the p r e s e n t da t a base a n d 
discuss the s tatus of c u r r e n t mode l s in o r d e r 
to identify a reas w h e r e f u r t h e r work is need ­
ed; (2) i n t r o d u c e in te res ted geologists to t he 
la rge body of work be ing ca r r i ed o u t in t he 
glass a n d mater ia ls sciences; a n d (3) cons ide r 
static p rope r t i e s , such as t h e r m o d y n a m i c rela­
t ions, s t ruc tu re of h y d r o u s mel ts , a n d d y n a m ­
ic p rope r t i e s inc lud ing diffusion a n d viscosity. 
T h i s r e p o r t s u m m a r i z e s t he major topics dis­
cussed. M o r e de ta i led i n fo rma t ion may be 
f o u n d in t he pub l i shed abstracts (Eos, May 3 , 
1983, p p . 3 3 8 - 3 4 3 ) . 
T h e session o p e n e d with two p a p e r s se t t ing 
the geological perspec t ive of wate r solubility 
in m a g m a s . J . E iche lbe rge r a n d H . West r ich 
discussed the obse rved wate r c o n t e n t a n d dis­
t r ibu t ion in obs id ian flows, w h e r e t he ave rage / 
observed wate r c o n t e n t reflects the solubility 
of water in rhyol i te l iquid at n e a r 1 a t m o ­
s p h e r e p r e s su re . T h e y cons ide red the effect 
of degass ing on wate r d i s t r ibu t ion within ob-
served flows, a n d o n the water con t en t of 
ejected mater ia l d u r i n g explosive e r u p t i o n . J . 
C lemens reviewed m e a s u r e d a n d es t imated 
conten ts of water for a variety of andesi t ic to 
grani t ic rocks. H e f o u n d mel t -water con ten t s 
be tween 0.7 a n d 7 wt % water d e p e n d i n g o n 
the sample a n d source condi t ions (but with a 
genera l ave rage value n e a r 3 wt % ) , a n d h e 
discussed the relative mer i t s of m e t h o d s for 
es t imat ing water con ten t . J . P. C o u t u r e s a n d 
G. Urba in p r e s e n t e d a survey of solubility re­
sults ob ta ined by glass a n d mater ia ls scientists 
for silicate glasses a n d l iquids n e a r 1 a t m o ­
sphe re . T h e s e water solubilities general ly fall 
a r o u n d 0 . 0 5 - 0 . 2 wt %, with some possible 
systematics as a funct ion of compos i t ion . Dis­
crepancies be tween di f ferent da t a sets, how­
ever, p r e c l u d e any de ta i led cor re la t ions at 
p resen t . 
P. McMillan a n d J . Hol loway s u m m a r i z e d 
some wate r solubility m e a s u r e m e n t s o n syn­
thetic a n d na tu ra l silicate melts at h igh p res ­
sures . Again , some systematic behav ior with 
compos i t ion was no t ed , bu t the p r e sen t da t a 
base is too l imited to e x p l o r e this fully. E. 
Stolper , L. Silver, a n d R. Aines s u m m a r i z e d 
thei r r ecen t in f ra red spectroscopic work o n 
the speciat ion of wate r in h y d r o u s silicate 
glasses a n d p r e s e n t e d the results of new s tud­
ies at h igh t e m p e r a t u r e . T h e y f o u n d tha t 
bo th hydroxy l a n d molecu la r water species 
coexist to at least 550°C, s u p p o r t i n g the i r dis­
solut ion m o d e l for wate r in mol t en silicates. 
T h e nex t two p a p e r s c o n c e r n e d m o d e l i n g 
of t h e r m o d y n a m i c re la t ions for h y d r o u s 
melts. D. Eggler cons ide red t he dissolut ion 
react ion of water in d iops ide melt , a n d dis­
cussed H e n r i a n , H e n r i a n a n a l o g u e (a = x 2 ) , 
a n d n o n - H e n r i a n express ions for its activity-
compos i t ion re la t ions . A. Boe t t che r p r e s e n t e d 
exper imenta l ly d e t e r m i n e d mel t ing curves in 
the systems N a A l S i 3 0 s - H 2 0 - C 0 2 a n d S1O2-
H2O-CO2. H e c o m p a r e d a n d con t ra s t ed mix­
ing relat ions in the fluids a n d silicate l iquids 
for these two systems. T h e s e da ta sugges ted 
tha t CO2 is soluble in Si02 l iquids at h igh 
p ressures (grea te r t h a n o r equal to 15 kbar) 
a n d high water con ten t s . Discussion which 
followed this gene ra l topic e m p h a s i z e d tha t 
useful t h e r m o d y n a m i c descr ip t ions for such 
h y d r o u s systems n e e d no t be simply corre la t ­
ed with s t ruc tura l changes in the melt . 
F o u r p a p e r s e x a m i n e d the diffusion of wa­
ter in h y d r o u s glasses a n d melts a n d the ef­
fect of water on diffusion of o t h e r species. M. 
T o m o z a w a descr ibed the i m p o r t a n c e of water 
in the glass sciences a n d t hen p r e s e n t e d t h e 
results of several s tudies of water diffusion in 
silicate glasses. O n e in te res t ing result was the 
large observed d e p e n d e n c y of the diffusion 
coefficient on t he stress r eg ime in n o n h y d r o s -
tatic e x p e r i m e n t s at relatively low p re s su re 
a n d t e m p e r a t u r e . 
T w o p a p e r s by K. L a p h a m a n d J . Kars t en 
reviewed water diffusion s tudies in silicate 
melts a n d glasses a n d p r e s e n t e d some resul ts 
of the i r recen t s tudies on diffusion of wate r 
in obsidian. Obse rved var ia t ions in t he diffu­
sion coefficient with t e m p e r a t u r e a n d c o m p o ­
sition were s u m m a r i z e d a n d c u r r e n t mode l s 
for the "water" diffusion m e c h a n i s m were 
discussed. L a p h a m n o t e d no p r e s s u r e d e p e n ­
d e n c e of the diffusion coefficient in h e r ob­
sidian s tudy, in cont ras t to tha t obse rved by 
M. T o m o z a w a . T h i s di f ference may be par t ly 
d u e to the h i g h e r p re s su re s a n d t e m p e r a t u r e s 
involved in the obs id ian r u n s a n d p e r h a p s 
the hydros ta t ic n a t u r e of these lat ter exper i ­
men t s . 
T . M. H a r r i s o n a n d E. B. Wa t son discussed 
the effect of water con t en t on t he diffusion of 
z i rcon ium in grani t ic melts . T h e y f o u n d a 
large increase in diffusivity a n d solubility at 
h ighe r water con ten t s a n d discussed the ef­
fect of this o n ziron dissolut ion kinetics in hy­
d r o u s grani t ic m a g m a s . 
T h e a f t e rnoon pos te r session inc luded a 
n u m b e r of p resen ta t ions directly re la ted to 
the discussions in the m o r n i n g . 
F r o m informal discussions before , d u r i n g , 
and after t he mee t ing , we feel tha t the fol­
lowing gene ra l conclusions may be d r a w n . 
First, t h e r e a re relatively few pub l i shed esti­
mates for water con ten t s of p r i m a r y igneous 
m a g m a s , a n d m o r e solubility da t a a r e neces­
sary for synthet ic a n d n a t u r a l compos i t ions at 
bo th h igh a n d low pressures . Likewise, diffu­
sion da ta as a funct ion of p r e s su re , t e m p e r a ­
tu re , a n d compos i t ion a r e scant. Evidently 
m o r e e x p e r i m e n t s a re n e e d e d . Second , em­
pirical m o d e l i n g of t h e r m o d y n a m i c a n d dy­
namic p rope r t i e s is a useful a n d necessary 
field, especially for those in te res ted mainly in 
calculat ion of the effect of water o n bulk 
p rope r t i e s . At the same t ime, mechanis t ic 
s tudies at the molecu la r level will lead to a 
be t te r u n d e r s t a n d i n g of wate r -mel t in terac­
tions at the microscopic level. M o r e spect ro­
scopic s tudies a re n e e d e d on h y d r o u s glasses, 
a n d especially on h y d r o u s melts at p r e s su re 
a n d t e m p e r a t u r e . We feel tha t bo th empir ica l 
m o d e l i n g a n d s t ruc tura l s tudies a r e wor th­
while a n d should be p u r s u e d with as m u c h 
in terplay be tween the two a p p r o a c h e s as pos­
sible. 
This meeting report was prepared by Paul Mc­
Millan, who is with the Department of Chemistry, 
Arizona State University, Tempe, AZ 85287 and 
E d w a r d Stolper , who is with the Division of Geo­
logical and Planetary Sciences, California Institute 
of Technology, Pasadena, CA 91109. 
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C. C. Bates, T . F. Gaskell, a n d R. B. Rice, 
P e r m a g o n , Oxfo rd , xx + 492 pp . , 1982, $25 . 
Reviewed by Carl Kisslinger 
Thi s book traces the d e v e l o p m e n t s of the 
appl icat ions of the geophysical sciences to a 
variety of societal needs f rom misty begin­
nings to now, with emphas i s on the "go lden 
age ," the early 1920's t h r o u g h the 1960's. 
T h e p h r a s e "appl ied geophysics" is so often 
taken as s y n o n y m o u s with "geophysical ex­
p lo ra t ion" tha t the b r o a d e r v iewpoint of this 
work is especially welcome. T h e a u t h o r s cer­
tainly devo ted m u c h of the i r t r e a t m e n t to ex­
plora t ion geophysics , as is a p p r o p r i a t e in view 
of the large c o m m i t m e n t of h u m a n and fi­
nancial resources to this e n d e a v o r and the 
practical i m p o r t a n c e of the results. However , 
they have also inc luded in teres t ing sketches 
of military appl ica t ions of geophysical tech­
niques and the i m p o r t a n t technological ad­
vances that have c o m e f rom these , as well as 
m u c h mater ia l on ocean science. A t m o s p h e r i c 
a n d space science receives less deta i led cover­
age. 
T h e o p e n i n g chap te r , historical back­
g r o u n d to the d e v e l o p m e n t s of the 20th cen­
tury , is brief, i ncomple te , and u n e v e n in its 
coverage . An a d e q u a t e t r e a t m e n t could well 
have doub l ed the size of the book, but some 
l a n d m a r k d e v e l o p m e n t s that I looked for a re 
missing. T h e hea r t of the book is the decade-
by-decade story of each of the major t hemes 
(explora t ion , ocean science, global seismolo­
gy) f rom the e n d of W Torld War I t h r o u g h 
the 1960's. T h e story is told in t e rms of the 
personal i t ies who built the subjects and the 
events that shaped the i r p rogress . It was fun 
to r ead this review a n d in te rp re ta t ion of one 's 
teachers a n d fr iends. T h i s is a h u m a n i z e d 
history of the g r a n d projects tha t have moved 
geophysics ahead , the key technical develop­
men t s a long the way a n d the in terplay of the 
creative minds respons ib le for p rogress . 
T h e origins of seismic exp lora t ion for oil 
a r e exp lo red , with emphas i s on deve lopmen t s 
in the Uni ted States, bu t with a fair t r ea tmen t 
of E u r o p e a n con t r ibu t ions . Gravity and mag­
netic m e t h o d s a re t r ea t ed in less detail . T h e 
parallel g rowth of e a r t h q u a k e seismology and 
o c e a n o g r a p h y in the 1930's is p r e sen t ed in 
t e rms of the leaders who e m e r g e d a n d the in­
sti tutions that n u r t u r e d the efforts. 
T h e e n o r m o u s impac t of Wor ld W a r II on 
technical and theore t ica l deve lopmen t s im­
p o r t a n t to geophysics follows. T h e p rogress 
in all areas in the pos twar per iod is highl ight­
ed by the story of Project Vela -Uni form, the 
search for m e t h o d s to mon i to r u n d e r g r o u n d 
nuc lear tests that j e r k e d seismology into the 
m o d e r n era within a few years, beg inn ing in 
1959. T h e con t inua t ion of this effort to the 
p resen t is a t h e m e t h r o u g h the rest of the 
book. Progress a n d the new leadersh ip that 
e m e r g e d in the 1970's a n d 198()'s a re not 
t r ea ted in any detail . T h e commerc ia l aspects 
of exp lora t ion geophysics , a big business in­
deed , a re also e x p l o r e d in a personal ized way 
t h r o u g h the stories of a n u m b e r of the com­
panies , large and small. 
T h e tale rambles a bit a long the way and 
the a u t h o r s get i m m e r s e d in grea t detail in 
places where they a re talking about topics 
with which they have been closely associated. 
As a r e a d e r who canno t ignore a footnote , I 
found the flow of the text i n t e r r u p t e d cont in­
uously by the need to d r o p to the bo t tom of 
the page for the ancillary in format ion of­
fered. I was a m u s e d by the p e n c h a n t for mili­
tary titles used t h r o u g h o u t (Rear Admi ra l 
Lloyd B e r k n e r , U S N R ; L ieu tenan t " J immy" 
Car te r , USN (Retired)) . 
I liked very m u c h the persona l evaluat ions 
by a n u m b e r of wel l -known geophysicists of 
the i r own ach ievements and exper iences . T h e 
book closes with this section, which should 
he lp r e m i n d today's s tuden t s tha t the ad­
v a n c e m e n t of science, inc lud ing t r i u m p h s 
a n d b lunde r s , results f rom the efforts of peo­
ple very m u c h like themselves . 
T h e a u t h o r s have some s t rong pre judices 
tha t come t h r o u g h clearly in places. T h e y 
don ' t like "env i ronmenta l i s t s " a n d they take a 
d im view of a variety of na t ional social p ro ­
g r a m s of the recen t past, inc lud ing affirma-
